Background: Randomised controlled trials (RCTs) have shown an advantage of continuous subcutaneous insulin infusion (CSII) over multiple daily injections (MDI) in the general type 1 diabetes mellitus (T1DM) population. RCT data on T1DM management in pregnancy remain limited. Objective: We performed a systematic review of both RCTs and non-RCTs evaluating CSII vs MDI in T1DM-complicated pregnancy. Study design: Electronic databases were searched for studies comparing CSII with MDI in T1DM-complicated pregnancy. Methods: A meta-analysis provided point estimates with 95% confidence intervals (CI). Continuous outcomes were reported as weighted mean differences (WMD) or standardised mean differences (SMD), and dichotomous data as relative risk (RR). Results: The search identified 47 studies, including 43 non-RCTs, reporting on 7824 pregnancies. The meta-analysis showed a lower HbA1c level with CSII vs MDI in the first trimester (WMD: −0.45%; 95%CI: −0.62, −0.27). This difference decreased in subsequent trimesters. Compared to MDI, therapy with CSII resulted in higher gestational weight gain (GWG) (WMD: 1.02 kg; 95%CI: 0.41, 1.62), and lower daily insulin dose requirements in the first (SMD:
Introduction
Given that the onset of type 1 diabetes mellitus (T1DM) usually occurs early in life, many women of reproductive age worldwide are affected (1, 2, 3, 4) . Recent literature has remarked that the incidence of T1DM is rising (5) . Women with pregestational T1DM have an increased risk of adverse clinical outcomes, including spontaneous abortions, foetal malformations, macrosomia, stillbirths, preeclampsia, hydramnios, operative delivery in mothers, and progression of chronic diabetic complications (6) . The risk of congenital abnormalities is as high as 25% in women with T1DM who have a HbA 1c level above 10%, and remains higher than the risk in the general population, affecting even pregnant patients with moderate hyperglycaemia (7) . Fortunately, effective medical care provided to women with pregestational T1DM can foster enhanced glycaemic control and reduce the risk of these complications (8, 9, 10) . New therapeutic and monitoring tools for glycaemic control have become commonly available in recent decades. Currently, two modes of insulin delivery for T1DM patients are widely used. The first is based on multiple daily injections (MDI), which involves several shots of short-acting prandial insulin, along with 1-2 doses of a long-acting basal preparation. The second route is continuous subcutaneous insulin infusion (CSII), which provides a constant supply of insulin via a personal pump with superimposed meal-related boluses (11) . In the general T1DM population, it has been shown that when compared with MDI, CSII was associated with a slightly lower HbA 1c level and a smaller risk of severe hypoglycaemia (12) . Until now, however, only a few small randomised control trials (RCTs) including T1DM pregnant women have been performed, and no firm understanding as to whether either of these treatment methods is advantageous in this particular patient population exists (13, 14, 15) . Two comprehensive reviews comparing CSII with MDI in pregnancy complicated by T1DM were in fact recently published. Neither, however, revealed any conclusive results for both glycaemic control and clinical maternal and foetal outcomes, as they were restricted only to RCTs, which were few and underpowered (16, 17) .
The aim of our study was to perform a systematic review and meta-analysis based on both randomised and non-randomised data comparing the two methods of insulin therapy in pregnant women with T1DM, with respect to glycaemic control, particularly the HbA1c level, as well as important maternal and foetal endpoints. 
Subjects and methods

Eligibility criteria for meta-analysis
Studies were considered relevant for this systematic review if they directly compared CSII with MDI in pregnant women with pregestational T1DM. No restriction was made with respect to the type of insulin used (regular vs analogue), however, studies reporting data on animal insulin or involving less than 10 pregnancies in any group were excluded.
Randomised and observational studies were included if they presented outcomes on glycaemic control or maternal and foetal outcomes, regardless of the type of publication (i.e. full-text paper or conference abstract). Overall we consider 4 glycaemic control parameters (HbA1c level, insulin dose, diabetic ketoacidosis (DKA), severe hypoglycaemic episodes), 3 maternal outcomes (gestational weight gain (GWG), gestational hypertension and preeclampsia) as well as 11 foetal and neonatal endpoints (perinatal death, congenital abnormalities, preterm delivery, macrosomia, delivery of large-forgestational-age (LGA) infants, delivery of small-forgestational-age (SGA) infants, hypoglycaemic events, hyperbilirubinemia, shoulder dystocia, respiratory complications, and intensive care unit admission).
Information sources and search strategy
Major medical databases were searched until November 2017, including MEDLINE, EMBASE and CENTRAL, with a high-sensitivity search strategy based on key words referring to the population ('type 1 diabetes mellitus', 'insulindependent diabetes mellitus', 'pregestational', 'maternal', 'gestational') and intervention ('continuous subcutaneous insulin infusion', 'insulin pump', 'pump therapy'). To identify recently published studies, abstracts presented at major conferences on diabetes (ADA, American Diabetes Association; EASD, European Association for the Study of Diabetes) were screened, along with clinical trial registries. We also searched the reference lists of included articles and systematic reviews. Two authors independently selected studies for potential inclusion based on title and abstract screening, followed by full-text evaluation, if available. Any disagreements were resolved through discussion.
Data extraction and quality assessment
Data were extracted from the identified studies onto a structured data form by the main author. Its precision was verified independently by an external reviewer not engaged in the systematic review. All included studies underwent a quality assessment. For RCTs, criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions were used; in particular, each study was analysed in terms of presence of selection, performance, detection, attrition and reporting biases. Additionally, quality assessment based on the Jadad scale was performed (18) . For non-RCT studies, the NewcastleOttawa Scale (NOS) for quality assessment was used, which takes into account sampling, differences between studied groups and method of outcome assessment (19) .
Statistical analysis
Dichotomous outcomes estimates were presented as relative risks (RR), while continuous endpoints were reported as weighted mean differences (WMD) or standardised mean differences (SMD). If heterogeneity between studies existed, data were pooled in meta-analyses using the DerSimonian & Laird method, regardless of type of outcomes; otherwise, the Mantel-Haenszel test for dichotomous outcomes was applied and the inverse variance method was used for continuous endpoints. Heterogeneity between studies was tested using the Cochrane Q test or I 2 statistics and judged relevant when P < 0.1 or I 2 > 50%. To explain the source of heterogeneity, a sensitivity analysis was also performed considering the following modifiers: study design (randomised vs observational), type of publication (conference abstract vs full-text article), time of CSII initiation (before or during pregnancy), preconception care (yes or no), type of prandial insulin (human regular insulin vs insulin analogues). The chi-square test for interaction was used to evaluate if the observed effect was consistent between subgroups. Risk of publication bias was evaluated by the Egger and Begg-Mazumdar tests (20) . If a risk of publication bias was found, the trim and fill method was used to adjust the funnel symmetry (21, 22) .
Results
Study selection
In total, the search of major medical databases yielded 1327 papers, of which 1140 unique records remained after eliminating duplicates. Fig. 1 , see section on supplementary data given at the end of this article), including 29 full-text papers and 18 conference abstracts. Some studies were published in more than one paper, increasing the number of records in relation to number of studies. In most cases, they were initially published as a conference abstract and then as a full-text article.
Study characteristics
The 47 studies included in this analysis were conducted in 18 countries, with the highest number being performed in the United States of America (8), Spain (7), Great Britain (6), Italy (5), and Poland (3). Among the included studies, there were only 4 RCTs, all of them of a very low quality, with a high risk of systematic bias. They were also all conducted before the year 1990, so the studied standard of care and available diagnostic and therapeutic options for T1DM does not reflect current clinical practice. The remaining 43 studies were observational: 39 were retrospective, 2 were prospective and no information about the study design was given for the remainder. In 21 studies, no information about the allocation was given; 6 reports matched patients in the studied groups, while 12 included all eligible patients identified during a study period. Allocation to the MDI or CSII group based on glycaemic control was applied in 2 studies, while in 3 others, the choice of therapy was left to the patient (Table 1) .
Quality assessment with the NOS showed a wide variety between the observational studies, ranging from 4 to 9 points, which stemmed mainly from the publication form. Most full-text papers received between 6 and 9 points (median 7), while the median for conference abstracts was only 5 (range: 4-6 points).
Of the 47 studies that met the inclusion criteria, 7824 pregnancies were reported, including 2651 women on CSII and 5030 on MDI. In two papers (143 patients), no information about group sizes was given. Overall, both arms were well-balanced in terms of age, microangiopathy and hypertension, while some differences regarding T1DM duration, baseline glycaemic control and preconception care existed. Means or medians of disease duration were reported in 31 studies. In the CSII group, they ranged from 8.2 to 22 years, compared to a range of 6.9 to 18.7 years in the MDI group. In 15 out of 31 studies in which the duration of T1DM was presented, the CSII group was characterised by a longer time course of disease, while no differences were seen in another 15 studies; in only 1 report did the CSII group have a shorter disease duration on average.
Prepregnancy HbA1c levels were reported in 24 studies; however, only 21 of them provided the difference between the groups. A total of 8 papers reported lower prepregnancy HbA 1c levels in the CSII group, 1 reported the opposite and no differences were reported in the remaining, although non-significantly lower values were seen for CSII. Preconception care was reported in 19 papers; however, comparison between the studied groups was possible in only 16 papers. In 12 of these 16 papers, the percentage of those who received preconception care was significantly higher in the CSII group; the difference was not significant in the remaining 4 papers, although a tendency towards CSII could be seen in 3 of them.
Different insulin types were used in the included papers. The CSII group used regular human insulin (RHI) or rapid-acting insulin analogues (RAA). Those in the MDI group performed at least 4 injections, 3 of which were postprandial (RHI or RAA), and 1 or 2 of which were basal insulin (mostly NPH). Information about the glucose monitoring method was reported in 23 studies. In all of them, self-monitoring of blood glucose (SMBG) was used, and in 3 studies, SMBG was used together with continuous glucose monitoring (CGM). Nine studies only included women who started CSII before pregnancy, and 2 studies only included women who initiated pump therapy during the first trimester. In 15 papers, the population encompassed women who initiated CSII either before pregnancy or during the first trimester, while no information about CSII initiation was presented in 23 studies ( Table 2) .
Synthesis of results
HbA 1c level
A meta-analysis of the 24 trials (3104 pregnancies) reporting on the first trimester HbA1c level revealed almost 0.5% lower level in the CSII group than in the MDI group (WMD: −0.45 95% CI: −0.62, −0.27; Fig. 1) ; however, significant heterogeneity existed between the studies (I 2 = 78%). The subgroup analysis showed that the magnitude of the effect size when compared to the MDI group was higher in women who started pump therapy before pregnancy (WMD −0.60%; 95%CI −0.97, −0.24; Supplementary Fig. 21 ) than in those who did it during the first trimester (WMD −0.35%; 95%CI −0.92, 0.22; Supplementary Fig. 22 ). The HbA1c level in the second trimester was reported in 18 studies, encompassing 1902 pregnancies. The CSII group showed lower HbA 1c level, with WMD in relation to the comparator group Clinical Study P M Rys, A H LudwigSlomczynska and others CSII and MDI in T1DM-complicated pregnancy www.eje-online.org reaching −0.25% (95%CI −0.38, −0.12; Fig. 2 ). Twentythree papers, encompassing 2696 pregnancies, reported on the HbA1c level in the third trimester. In the CSII arm, the HbA1c level was lower than that in the MDI group (Fig. 3) ; however, the difference between groups was not significant (WMD −0.09%; 95%CI −0.20, 0.02). Similar to the analysis of the first trimester, significant heterogeneity between studies was also observed in the second (I 2 = 59%) and third (I 2 = 64%) trimester. The cause of this heterogeneity was not identified.
Episodes of severe hypoglycaemia
Data regarding episodes of severe hypoglycaemia during pregnancy were available in 18 studies and included 3431 pregnancies ( Supplementary Fig. 2) . No difference was found between the CSII and MDI groups with respect to the percentage of patients suffering from severe hypoglycaemia (RR 0.85, 95%CI 0.67, 1.07). The obtained results were very homogeneous (I 2 = 0%).
Diabetic ketoacidosis
The meta-analysis of 17 studies involving 2087 pregnancies demonstrated that the percentage of patients with DKA was low and comparable between arms (RR 1.27, 95%CI 0.72, 2.24). No significant heterogeneity was observed in this analysis ( Supplementary Fig. 3 ).
Insulin dose
Overall, 15 studies provided data regarding insulin dose in the first trimester. In 8 papers, the total daily dose was available, while the remaining 7 reported insulin dose per body weight (IU/kg). Pooled results of all studies (regardless of the type of data) showed lower insulin requirements in women with T1DM on CSII therapy than in those on MDI therapy (SMD −0.46; 95%CI −0.68, −0.24) ( Supplementary Fig. 4 ). Second trimester insulin dose was available in 6 studies, 2 of which reported total daily dose and 4 reported total insulin dose per body weight. The meta-analysis of all studies showed a lower insulin requirement in the CSII group (SMD −0.49; 95%CI −0.69, −0.28) (Supplementary Fig. 5 ). Thirteen studies reported on the mean daily insulin dose in the third trimester, of which 8 presented data regarding total insulin dose per body weight, while the remaining 5 presented the total daily insulin dose per patient. The meta-analysis of the 13 papers ( Supplementary Fig. 6 ) showed lower insulin requirements in the CSII group (SMD −0.39; 95%CI −0.65, −0.13).
Maternal outcomes
Pooled results revealed no significant differences between CSII and MDI therapy with respect to gestational hypertension (11 studies; RR 0.91; 95%CI 0.70, 1.18; Supplementary Fig. 7 ), as well as preeclampsia (16 studies, RR 1.06; 95%CI 0.69, 1.61; Supplementary Fig. 8 (Fig. 4) . This difference was significant and without between-study heterogeneity (I 2 = 0%).
Foetal and neonatal outcomes
A meta-analysis of 14 studies revealed significantly higher risk of spontaneous abortion in women using CSII than in those on MDI (RR 1.79; 95%CI 1.51, 2.12) without statistical heterogeneity ( Supplementary Fig. 9 Fig. 5 ). Macrosomia, in most papers defined as birth weight ≥4000 g, was also more prevalent in the CSII group than the MDI group (19% vs 23%), but this difference did not reach statistical significance (RR 1.13; 95%CI 0.93, 1.38; Supplementary Fig. 13 ), and may be at least partially explained by a high degree of heterogeneity (I 2 = 55%). However, the cumulative results of 2 studies Clinical Study P M Rys, A H LudwigSlomczynska and others CSII and MDI in T1DM-complicated pregnancy www.eje-online.org showed higher risk of birth weight above 4500 g in the CSII group than the MDI group (RR 2.51; 95%CI 1.20, 5.21; Supplementary Fig. 14) . On the other hand, the probability of infants being born SGA was lower in the CSII group than the MDI group (RR 0.66; 95%CI 0.45, 0.97; Supplementary Fig. 15 ). No significant differences were found between both methods of insulin delivery with respect to other foetal complications, including neonatal hypoglycaemia (RR 1.12; 95%CI 0.97, 1.28; Supplementary  Fig. 16 ), hyperbilirubinemia (RR 1.00; 95%CI 0.83, 1.19; Supplementary Fig. 17 ), shoulder dystocia (RR 1.15; 95%CI 0.70, 1.89; Supplementary Fig. 18 ), respiratory complications (RR 0.90; 95%CI 0.71, 1.13; Supplementary  Fig. 19 ) and intensive care unit admission (RR 0.93; 95%CI 0.80, 1.09; Supplementary Fig. 20 ).
Sensitivity analysis
A sensitivity analysis showed that, in most cases, differences between studies with respect to their design, type of publication, moment of CSII initiation and type of prandial insulin did not explain the heterogeneity observed in the meta-analysis, with 1 exception regarding the first trimester HbA1c level, described earlier. Additionally, a meta-analysis including only full-text papers resulted in a reduction of heterogeneity for 3 outcomes (preeclampsia, macrosomia and neonatal hypoglycaemia), but no interaction between abstracts and full-text papers was observed. We also intended to perform a subgroup analysis with respect to the preconception care; however, only 1 study (47) reported a subgroup analysis with respect to this variable, with the remaining papers reporting data collectively on women, regardless of whether they received preconception care.
As mentioned earlier, the sensitivity analysis did not reveal any interaction between RCTs and observational studies; however, it should be noted that only 4 RCTs with a small sample size were identified, while all remaining studies were of an observational design (including more than 7000 pregnancies in total). Therefore, a subgroup meta-analysis restricted to the observational studies revealed similar results to the base case scenario (involving both RCTs and non-RCTs), while the pooled data of RCTs did not show any difference between the studied groups for any of the analysed outcomes. 
Discussion
Main findings and comparison with existing literature
This meta-analysis, based on a systematic review comparing CSII and MDI therapy in pregnant women with T1DM, included for the first time, all available studies on the subject, regardless of their methodology (RCT or observational study). These broad inclusion criteria allowed us to analyse 47 publications, encompassing 7824 pregnancies complicated by T1DM, far more than earlier meta-analyses restricted only to RCTs. Our pooled results of all eligible studies showed that the HbA1c level, the main glycaemic control outcome, was slightly lower in patients using insulin pumps than MDI therapy throughout the first and second trimester of pregnancy. We also identified a few other differences in clinical maternal or neonatal outcomes.
The largest difference in the HbA1c level occurred during the first trimester, where it was almost 0.5% lower in the CSII group compared to the MDI group, and then showed a narrower difference in subsequent trimesters. In the third trimester, the difference was not significant, at a magnitude of less than 0.1%, without clinical relevance. A number of RCTs and several meta-analyses, as well as observational studies, have previously shown that CSII results in better glycaemic control than MDI in the general T1DM population (12, 67, 68, 69, 70) . It is likely that the differences favouring CSII in the current report, particularly in the first trimester, reflect the fact that women on insulin pumps had lower glucose levels already outside of pregnancy in the preconception period (69, 70) . This notion is further supported by our subgroup meta-analysis that showed a larger difference in first trimester HbA1c levels in relation to the MDI group in women who started pump therapy before pregnancy, compared to women who switched to CSII at the beginning of pregnancy.
Since the individual studies included in this metaanalysis provided rather scarce information regarding patients' characteristics and the details of the interventions, a meta-regression to determine any possible associated factors was not possible. However, available data suggest that preconception care, including pregnancy planning, might have influenced the final results. In most studies presenting detailed information, the percentage of women with preconception care was higher in the CSII group than in the MDI group, while in the remaining studies, a nonsignificant deviation favouring pump therapy was observed. It thus seems possible that the advantage of CSII over MDI therapy might, at least partially, originate from the group construction and patients' involvement in preconception care. It is indeed well-known that diabetes care during pregnancy planning is one of the most important factors Figure 4 Forest plot of the meta-analysis for gestational weight gain in pregnant women with T1DM receiving CSII vs MDI therapy. contributing to metabolic control and obstetrical outcomes in pregnant women with T1DM, and substantially affects the HbA 1c level in the first trimester (71).
In our meta-analysis, the difference in HbA 1c values between the two arms decreased in the second trimester, and finally disappeared in the last trimester. This may be Figure 5 Forest plot of the meta-analysis for the risk of infants being born large-for-gestational-age to pregnant women with T1DM receiving CSII vs MDI therapy.
explained by the fact that in the clinical setting, patients on MDI therapy often participate less frequently in preconception care and pregnancy planning, but then substantially increase their awareness of the importance of optimal glycaemic control for foetal well-being as their pregnancy progresses. Subsequently, some non-random factors, such as preconception care and pregnancy planning, become less important in later months. In our study, by the end of the pregnancy, the difference between CSII and MDI therapy vanished, suggesting that both methods of insulin delivery have equal potential to achieve a target HbA 1c value for pregnancy, especially when the patient is highly motivated, as is typical for expecting women. One may postulate that outside pregnancy, when the level of motivation is lower, CSII therapy is associated with a slightly higher effectiveness. Interestingly, it was shown in our earlier observational study that postpregnancy glycaemic control in women with T1DM was better in women on pumps, although it was still worse than that achieved during pregnancy (2) . Furthermore, 1 study included in the meta-analysis reported that the HbA 1c level in the MDI group was even lower than that in the CSII arm at the end of pregnancy, although the inverse relationship was present at the beginning of the pregnancy (35) .
Our meta-analysis revealed that in all 3 trimesters of pregnancy, the requirement for insulin was lower in the CSII group than in patients receiving MDI therapy. However, for unclear reasons, a high level of heterogeneity between the studies was observed. Nevertheless, the obtained results are in agreement with observations from the general population with T1DM, where pump therapy was associated with lower doses of insulin. For example, in a registry of the Slovenian population, switching from MDI to CSII therapy, led to reduction in the HbA 1c level and concomitant decrease in insulin requirements (70) . Similar results were obtained in the prospective study on 153 patients with T1DM in whom MDI therapy was replaced by CSII, resulting in better glycaemic control and reduction of daily insulin requirements (68) .
Our initial analysis did not find any difference between the two therapy modes in terms of GWG; however, some heterogeneity between the studies was observed. This was probably derived from one Spanish study reporting a higher GWG in MDI than in CSII (35) , whereas the opposite tendency was observed in the remainder. In the Spanish study, the preconception HbA 1c level was higher in the MDI group than in the CSII group (7.6% vs 6.6%), while a reverse tendency was noticed in the third trimester (5.9% vs 6.2%). As a result, the reduction in HbA 1c levels during pregnancy was much larger in patients with T1DM on MDI therapy compared to CSII. Such a substantial HbA 1c level reduction was associated with a higher insulin dosage, which was clearly seen in the 12th gestational week (0.70 vs 0.51 U/kg) and, at least in part, could have accounted for a higher GWG in the MDI arm. After excluding this study, a sensitivity analysis revealed a greater GWG in women with T1DM on pumps. This phenomenon might be explained by less stringent dietary habits during pump therapy, which could lead to a higher calorie intake and, thus, a larger pregnancy weight gain, as discussed in some individual studies (2, 72) .
Another key outcome analysed in the current research was the number of hypoglycaemic episodes. The risk of hypoglycaemia in pregnant women with T1DM was previously reported to be 3-5 times higher in the first trimester than in the preconception period (73) . The meta-analysis performed in the general T1DM population showed that CSII therapy was associated with a 3-4 times lower rate of severe hypoglycaemia (12) . Somewhat unexpectedly, we found in our metaanalysis that the percentage of women who experienced at least 1 severe hypoglycaemic episode was similar in both treatment groups. There are several possible explanations for this finding, such as the different target populations (pregnant women with T1DM vs the general population with T1DM) and the different therapeutic glycaemic aims. Additionally, pregnant women on MDI less frequently received preconception care and booked antenatal appointments later in their pregnancy; thus, some hypoglycaemic episodes might have been missed, especially as most occur in the first trimester (71, 73) .
The pregnancy period in women with T1DM has been linked earlier with a higher risk of not only hypoglycaemia, but also the life-threatening condition of DKA (74) . Earlier data from the general population suggested a higher frequency of DKA in T1DM patients on insulin pumps (75) . This was explained by the specificity of delivery method (i.e. lack of subcutaneous depot) and type of insulin use (i.e. almost exclusively short-acting analogues rather than human insulin). Indeed, even a short-term pause in insulin delivery, if not quickly discovered and eliminated, might lead to a fast rise in glycaemia and DKA occurrence. However, more recent data did not confirm this finding in the general population with T1DM (68), which is likely attributed to the technological advancement of the pumps, as well as improved patient qualification for this type of therapy (76) . Our meta-analysis indeed showed that the risk of DKA was not different between the groups.
While the pooled results of 5 RCT studies published between 1986 and 1993 revealed a higher prevalence of DKA in women with T1DM on CSII therapy (7%) than on MDI therapy (0%), this difference was not statistically significant (16) . In addition, observational studies published between 2010 and 2014 showed a similar risk of DKA in pregnant women with T1DM regardless of the insulin delivery method they used (25, 28, 30, 38) . This seems to confirm the assumption that patient education and technological progress has reduced the risk of DKA during T1DM-complicated pregnancy observed earlier on pump therapy.
Our results suggest that insulin pump use was associated with an increased risk of infants being born
LGA. This was observed in spite of the fact that the third trimester HbA1c level, a strong influential factor on the birth weight of infants born to mothers with T1DM, was almost identical in both study groups (77) . One possible explanation is a higher GWG in women with T1DM on CSII therapy, since several recent reports presented an excess of maternal weight gain during pregnancy as a risk factor for neonatal macrosomia (78, 79) . Additionally, it can be postulated that better glycaemic control in the first trimester might lead to a better functioning placenta later during pregnancy. This phenomenon may explain why there remains a high proportion of macrosomia reported in infants born to pregnant women with T1DM, in spite of improvement in glycaemic control that is observed in many studies (77, 80, 81) . This may also possibly explain a lower risk of infants being born SGA in the CSII therapy group in this meta-analysis. Finally, the finding of a higher risk of spontaneous abortion in women on CSII therapy compared to those on MDI therapy requires comment. It seems to be a finding very likely influenced by nonrandom factors, mainly the more frequent pregnancy planning in the pump group. As a result, women on CSII therapy tend to book their first pregnancy appointment earlier, which may result in more frequent recording of spontaneous miscarriages (82) .
Limitations
Our study has some shortcomings that may potentially influence its results. Firstly, only a few RCTs were available, having been performed many years ago and having included a small number of women; therefore, the results of our meta-analysis are derived mainly from observational studies, which have their obvious limitations. Moreover, only 5 non-RCT publications controlled for confounding factors during the assignment process, and in most cases, data were analysed retrospectively. Therefore, the results of our meta-analysis reflect a therapeutic effect observed in the clinical setting, and the direct comparison between CSII and MDI therapy should be interpreted in the context of the methodological limitations of the available research data. Finally, we were able to include only very limited data on the most recent insulin pumps, particularly those that feature tools to integrate CSII and continuous glucose monitoring systems (CGMS), such as the low glucose suspend function, which is growing rapidly in use worldwide.
Conclusions and implications
In summary, the results of our systematic review and metaanalysis of RCTs and observational studies showed that in pregnancy complicated by T1DM, insulin pump therapy compared to MDI therapy resulted in better glycaemic control in the first trimester. However, this difference steeply decreased throughout pregnancy, probably due to its nonrandom origin, such as preconception care. CSII therapy was also associated with lower insulin requirements and larger weight gain in mothers, as well as an increased risk of infants being born LGA and decreased risk of being born SGA.
As both CSII and MDI therapy seem to exhibit similar potential in achieving glycaemic control in pregnant women with T1DM, the decision of choosing of either therapy should involve, among other factors, patient preferences, clinician experience, local clinical practice, as well as country-specific reimbursement policies. A special emphasis should be placed on the pregnancy planning, as well as education involving recommended diabetic diets and GWG, with the latter being particularly pertinent in patients on CSII therapy. Future studies will be needed to determine whether the newest generations of insulin pumps with integrated CGMS and elements of closed-loop monitoring systems will exhibit an advantage over the traditional MDI therapeutic approach for the management of pregnant women with T1DM.
